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(54) FIBER-REINFORCED RESIN LAMINATE

(57) Provided is a fiber-reinforced resin laminate that
is characterized by: comprising stacked layers of the (A)
layer and the (B) layer that are indicated below; and by
the value resulting from dividing the sum total of the thick-
ness of the (A) layer by the sum total of the thickness of
the (B) layer being 0.5-3.0. (A) layer: a laminate that com-
prises a prepreg in which reinforcing fibers are impreg-
nated with a resin or a resin composition and wherein
the product of the square of the volume fraction (Vf) of

the reinforcing fibers and the average fiber length (Lamm)
is greater than 2.0 mm and equal to or less than 15 mm.
(B) layer: a sheet that comprises at least one composition
selected from the group consisting of resin compositions
and filler-containing resin compositions and wherein the
product of the square of the volume fraction (Vf) of the
filler and the average value (Lbmm) of the maximum
length of the filler is 2.0 mm or less.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a fiber-reinforced resin, and relates to a fiber-reinforced resin laminate which
is inexpensive and has an excellent balance between moldability and mechanical characteristics. More particularly, the
invention relates to a fiber-reinforced resin laminate which has excellent shapeability into a complicated shape at the
time of stamping molding, can be molded in a short period of time, maintains mechanical strength as a structural member,
and is suitably used for, for example, aircraft members, automotive members, and sports goods.
[0002] The present application claims priority on Japanese Patent No. 2013-250253 filed in Japan on December 3,
2013, the disclosure of which is incorporated herein by reference.

BACKGROUND ART

[0003] Carbon fiber-reinforced thermoplastic resins formed from carbon fibers and thermoplastic resins have excellent
specific strength and specific rigidity, and are therefore widely used for electrical and electronic applications, civil engi-
neering and construction applications, automotive applications, aircraft applications, and the like. Regarding the method
for molding a fiber-reinforced thermoplastic resin, stamping molding by which a fiber-reinforced thermoplastic resin is
shaped into an intended shape by laminating an intermediate substrate called prepreg, which is obtained by impregnating
continuous reinforcing fibers with a thermoplastic resin, and heating and pressurizing the fiber-reinforced resin with a
press or the like, is most generally carried out. A molded body of a fiber-reinforced resin obtained thereby has excellent
mechanical properties since continuous reinforcing fibers are used therein. Furthermore, continuous reinforcing fibers
can be designed to have required mechanical properties by being arranged regularly, and the mechanical properties
have less variation. However, since the reinforcing fibers are continuous reinforcing fibers, the reinforcing fibers have
low fluidity, and therefore, it is difficult to form a complicated shape such as a three-dimensional shape. Thus, the
applications of fiber-reinforced resins are limited mainly to members having a shape close to a planar shape. Thus, there
has been a demand for further improvements.
[0004] Furthermore, in recent years, for the purpose of increasing the production efficiency, LFT-D molding by which
reinforcing fibers are directly sent in to a screw unit of a molding machine, cutting and dispersing of the fibers are
simultaneously carried out, and then injection molding or extrusion molding is carried out, has also been implemented.
According to this method, since the reinforcing fibers are cut to an appropriate length, the reinforcing fibers can easily
flow and can also conform to complicated shapes such as a three-dimensional shape. However, since LFT-D causes
unevenness in the fiber length or unevenness in the fiber distribution during the cutting and dispersing processes, there
is a problem that the mechanical properties are deteriorated, or values of those properties vary widely.
[0005] In order to compensate for the shortcomings of a material such as described above, there have been disclosed
base materials which are made to exhibit excellent shapeability at the time of molding and to exhibit excellent mechanical
properties when molded into a molded product of a fiber-reinforced resin, by inserting incisions into a prepreg formed
from continuous fibers and a resin (for example, Patent Documents 1, 2, and 3). However, although these base materials
have superior mechanical characteristics and smaller variations of the characteristics compared to LFT-D, these base
materials are not considered to have sufficient strength in order to be applied as structural materials.
[0006] Furthermore, in regard to Patent Document 3, the base material has sufficient strength that is appropriate for
a structural material; however, the material requires a long molding cycle and has a problem with mass productivity.
[0007] Furthermore, methods of ameliorating the strength described above or variations thereof by optimizing the
shape of incisions have been disclosed (for example, Patent Documents 4, 5 and 6). According to this method, amelio-
ration in the mechanical characteristics and variations thereof can be achieved; however, since the material has insuf-
ficient stamping moldability, the material has a problem of poor shapeability into three-dimensional shapes such as ribs
and hubs.

CITATION LIST

PATENT DOCUMENT

[0008]

Patent Document 1: JP 63-247012 A
Patent Document 2: JP 63-267523 A
Patent Document 3: JP 2010-18724 A
Patent Document 4: JP 2008-207544 A
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Patent Document 5: JP 2008-207545 A
Patent Document 6: JP 2009-286817 A

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0009] The present invention is intended to solve the problems associated with the prior art technologies such as
described above, and it is an object of the invention to provide a fiber-reinforced resin laminate which has excellent
mechanical characteristics applicable to structural materials, with less variation in the mechanical characteristics, and
has excellent shapeability into complicated shapes, and which is inexpensive and enables molding in a short period of time.

MEANS FOR SOLVING PROBLEM

[0010] The inventors of the present invention repeatedly conducted thorough investigations in order to solve the
problems described above, and as a result, the inventors found that when a laminate having at least a two-layer structure
in which layer (A) having excellent mechanical characteristics and layer (B) having excellent stamping moldability are
alternately superposed is used, a fiber-reinforced resin laminate which is inexpensive and has an excellent balance
between moldability and mechanical characteristics is obtained.
[0011] The gist of the present invention lies in the following items [1] to [14].

[1] A fiber-reinforced resin laminate having the following layer (A) and the following layer (B) laminated together, for
which the value obtained by dividing the sum total of the thickness of the layer (A) by the sum total of the thickness
of the layer (B) is from 0.5 to 3.0:

layer (A): a laminate formed from a prepreg having reinforcing fibers impregnated with resin (a) or resin com-
position (a), the product of the square of the volume percentage content Vf of the reinforcing fibers and the
average fiber length La being more than 2.0 and 15 or less; and
layer (B): a sheet formed from at least one composition selected from the group consisting of resin composition
(b), and a filler-containing resin composition including resin (c) and a filler, the product of the square of the
volume percentage content Vf of the filler and the average value Lb of the maximum length of the filler being
2.0 or less.

[2] The fiber-reinforced resin laminate according to [1], wherein the following expression (1) is satisfied: 

A1: absolute value of the complex viscosity of the layer (A) at a temperature of (softening point or melting point
of resin (a) that forms the layer (A) + 40°C) and at 100 rad/sec, and
B1: absolute value of the complex viscosity of the layer (B) at a temperature of (softening point or melting point
of resin (a) that forms the layer (A) + 40°C) and at 100 rad/sec.

[3] The fiber-reinforced resin laminate according to [1] or [2], wherein the value obtained by dividing the sum total
of the thickness of the layer (A) by the sum total of the thickness of the layer (B) is from 1.0 to 2.0.
[4] A fiber-reinforced resin laminate having layer (A) and layer (B) laminated together, the layer (A) being a laminate
formed from a prepreg in which reinforcing fibers are impregnated with resin (a’), or with resin composition (a’)
including resin (a’); and the layer (B) being a sheet formed from at least one composition selected from the group
consisting of resin composition (b’) including resin (b’), and a filler resin composition including resin (c’) and a filler,
wherein the following expression (1) is satisfied: 

A1: absolute value of the complex viscosity of the layer (A) at a temperature of (softening point or melting point
of resin (a’) that forms the layer (A) + 40°C) and at 100 rad/sec, and
B1: absolute value of the complex viscosity of the layer (B) at a temperature of (softening point or melting point
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of resin (a’) that forms the layer (A) + 40°C) and at 100 rad/sec.

[5] The fiber-reinforced resin laminate according to any one of [1] to [4], wherein the resin that constitutes the layer
(A) and/or layer (B) is a thermoplastic resin.
[6] The fiber-reinforced resin laminate according to any one of [1] to [5], wherein the prepreg forming the layer (A)
has incisions each having a depth that cuts the reinforcing fibers in a direction that traverses the length direction of
the reinforcing fibers.
[7] The fiber-reinforced resin laminate according to [6], wherein the incisions of the prepreg forming the layer (A)
have a straight line shape, the angle formed by the incision and the length direction of the reinforcing fibers is from
30° to 60°, and the sum total of the length of the incisions per 1 m2 of the prepreg is from 20 m to 150 m.
[8] The fiber-reinforced resin laminate according to any one of [1] to [7], wherein the average fiber length of the
reinforcing fibers of in the layer (A) is from 10 mm to 50 mm
[9] The fiber-reinforced resin laminate according to any one of [1] to [8], wherein one layer (B) is laminated between
one layer (A) and another layer (A).
[10] The fiber-reinforced resin laminate according to any one of [1] to [9], wherein the fiber-reinforced resin laminate
is obtained by fusing the layer (A) and the layer (B) by heating the layers to a temperature higher than or equal to
the softening point or the melting point of the resin that forms the layer (A) and the resin composition that forms the
layer (B).
[11] The fiber-reinforced resin laminate according to any one of [1] to [10], wherein the volume percentage content
of the reinforcing fibers in the layer (A) is from 20% to 60%.
[12] The fiber-reinforced resin laminate according to any one of [1] to [11], wherein the reinforcing fibers of the layer
(A) are carbon fibers.
[13] The fiber-reinforced resin laminate according to any one of [1] to [12], wherein the filler of the layer (B) is a
recycled material.
[14] The fiber-reinforced resin laminate according to any one of [1] to [13], wherein the reinforcing fibers in the layer
(A) are carbon fibers having an average single fiber fineness of from 0.5 dtex to 2.4 dtex.
[15] The fiber-reinforced resin laminate according to any one of [1] to [14], wherein the number of filaments in the
fiber bundle used for the reinforcing fibers in the layer (A) is from 3,000 to 100,000.

EFFECT OF THE INVENTION

[0012] According to the present invention, a fiber-reinforced resin laminate which has excellent mechanical charac-
teristics applicable to structural materials, with less variation in the mechanical characteristics, and has excellent sha-
peability into complicated shapes, and which is inexpensive and enables molding in a short period of time, can be obtained.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

Fig. 1 is a perspective view diagram of a mold used in Examples.
Fig. 2 is a perspective view diagram of a molded article of a fiber-reinforced resin laminate, for which the value
obtained by dividing the sum total of the thickness of layer (A) by the sum total of the thickness of layer (B) is more
than 3.0.
Fig. 3 is a perspective view diagram of a molded article of a fiber-reinforced resin laminate, for which the value
obtained by dividing the sum total of the thickness of layer (A) by the sum total of the thickness of layer (B) is from
0.5 to 3.0.
Fig. 4 is a perspective view diagram of a molded article of a fiber-reinforced resin laminate, for which the value
obtained by dividing the complex viscosity of layer (A) by the complex viscosity of layer (B) is more than 4.0.
Fig. 5 is a perspective view diagram of a molded article of a fiber-reinforced resin laminate, for which the value
obtained by dividing the complex viscosity of layer (A) by the complex viscosity of layer (B) is less than 0.85.
Fig. 6 is a perspective view diagram of a molded article of a fiber-reinforced resin laminate, for which the value
obtained by dividing the complex viscosity of layer (A) by the complex viscosity of layer (B) is from 0.85 to 4.0.
Fig. 7 is a diagram illustrating an example of the prepreg used in the present invention.
Fig. 8 is a photograph of the molded article obtained in Example 1.
Fig. 9 is a photograph of the molded article obtained in Example 2.
Fig. 10 is a photograph of the molded article obtained in Example 3.
Fig. 11 is a photograph of the molded article obtained in Example 4.
Fig. 12 is a photograph of the molded article obtained in Example 5.
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Fig. 13 is a photograph of the molded article obtained in Example 6.
Fig. 14 is a photograph of the molded article obtained in Comparative Example 1.
Fig. 15 is a photograph of the molded article obtained in Comparative Example 2.
Fig. 16 is a photograph of the molded article obtained in Comparative Example 3.

MODE(S) FOR CARRYING OUT THE INVENTION

[0014] Hereinafter, the fiber-reinforced resin laminate of the present invention and a method for producing the same
will be described in detail.
[0015] A first embodiment of the present invention is a fiber-reinforced resin laminate having the following layer (A)
and the following layer (B) laminated together, for which the value obtained by dividing the sum total of the thickness of
the layer (A) by the sum total of the thickness of the layer (B) is from 0.5 to 3.0:

layer (A): a laminate formed from a prepreg having reinforcing fibers impregnated with resin (a), or with resin
composition (a), the product of the square of the volume percentage content Vf of the reinforcing fibers and the
average fiber length La being more than 2.0 and 15 or less; and
layer (B): a sheet formed from at least one composition selected from the group consisting of resin composition (b),
and a filler-containing resin composition including resin (c) and a filler, the product of the square of the volume
percentage content Vf of the filler and the average value Lb of the maximum length of the filler being 2.0 or less.

[0016] Meanwhile, here, the square of the volume percentage content Vf means the value obtained by squaring the
value of Vf(%) 3 1/100, with respect to the volume percentage content Vf represented by volume percentage. For the
value of such a volume percentage content, for example, a value determined using the following formulae, from the
density of the prepreg, pc, obtained by a water displacement method; the density of the fibers, pf, obtained by a similar
method; the mass of the prepreg, W; and the weight W1 obtained after the prepreg is combusted and the resin is burned
down, is used. 

(Layer (A))

[0017] The layer (A) used in the laminate of the present invention is a laminate formed from a prepreg having reinforcing
fibers impregnated with resin (a) or resin composition (a), and the product of the square of the volume percentage content
Vf of the reinforcing fibers and the average fiber length, La mm, is more than 2.0 and 15 or less. The product is more
preferably 3 to 7.
[0018] It is necessary to use a laminate formed from a prepreg having reinforcing fibers impregnated with resin (a) or
resin composition (a), for the layer (A) that can be used in the laminate of the present invention. The reinforcing fibers
(volume percentage content of the reinforcing fibers Vf) included in the prepreg is preferably 20% to 60% by volume,
and more preferably 30% to 50% by volume, relative to the volume of the prepreg. The fiber volume percentage content
can be measured in the order of formula (1) and formula (2). The thickness of the prepreg is not particularly limited;
however, from the viewpoint of acquiring shapeability and a strength increasing effect in combination, the thickness is
preferably 50 mm to 300 mm, and more preferably 100 mm to 200 mm. The thickness of a prepreg can be measured
using the average value of measurement values obtained by making measurement at arbitrary plural sites in the prepreg
with a micrometer. The thickness of a laminate formed from a prepreg is preferably 1 mm to 4 mm, and more preferably
1.5 mm to 3.0 mm.
[0019] The flexural modulus of the layer (A) is usually 5 GPa to 100 GPa, and preferably 10 GPa to 50 GPa. If the
flexural modulus is too high, stamping moldability is decreased, and if the flexural modulus is too low, mechanical
characteristics are deteriorated. Such flexural modulus can be measured based on JIS K7074. That is, a three-point
bending test can be carried out by placing a test specimen having a width of 25 mm and a length of 100 mm on a support
having a size of R2 mm at a gauge length of 80 mm, and performing the test at a crosshead speed of 5 mm/min using
an indenter having a size of R5 mm
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(Resin)

[0020] The resin (a) that constitutes the layer (A) used in the present invention may be, for example, a thermosetting
resin or a thermoplastic resin. From the viewpoint of molding cycle or handling, a thermoplastic resin is preferred.
Examples of the thermosetting resin include thermosetting resins such as an epoxy resin, an unsaturated polyester
resin, a vinyl ester resin, a phenolic resin, an epoxy acrylate resin, a urethane acrylate resin, a phenoxy resin, an alkyd
resin, a urethane resin, a maleimide resin, and a cyanate resin. Examples of the thermoplastic resin include styrene-
based resins such as thermoplastic resins such as polystyrene, a (meth)acrylic acid ester/styrene copolymer, an acry-
lonitrile/styrene copolymer, a styrene/maleic anhydride copolymer, ABS, ASA, and AES; acrylic resins such as polymethyl
methacrylate; polycarbonate-based resins; polyamide-based resins; polyester-based resins such as polyethylene tereph-
thalate and polybutylene terephthalate; polyphenylene ether-based resins; polyoxymethylene-based resins; polysulfone-
based resins; polyallylate-based resins; polyphenylene sulfide-based resins; thermoplastic polyurethan-ebased resins;
polyolefin-based resins such as polyethylene, polypropylene, polybutene, poly-4-methylpentene, an ethylene/propylene
copolymer, and an ethylene/butene copolymer; copolymers of α-olefins and various monomers, such as an ethylene/vinyl
acetate copolymer, an ethylene/(meth)acrylic acid ester copolymer, an ethylene/maleic anhydride copolymer, and an
ethylene/acrylic acid copolymer; aliphatic polyester-based resins such as polylactic acid, polycaprolactone, and an
aliphatic glycol/aliphatic dicarboxylic acid copolymer; and biodegradable resins such as biodegradable cellulose, a
polypeptide, polyvinyl alcohol, starch, carrageenan, and chitinaceous/chitosan materials. From the viewpoints of strength
and processability, a crystalline resin having a relatively high degree of crystallinity is preferred, and a polyamide-based
resin and a polyolefin-based resin are more preferred. Specific examples of the polyamide-based resin include nylon 6
and nylon 66, and among them, nylon 6 is preferred. Above all, the polyolefin-based resin is preferably polypropylene
(acid-modified polypropylene).

(Resin additives)

[0021] In addition to the resin (a), if necessary, resin composition (a) can be prepared by further incorporating various
resin additives. Examples of the resin additives include a colorant, an oxidation inhibitor, a metal inactivating agent,
carbon black, a nucleating agent, a mold release agent, a lubricating agent, an antistatic agent, a photostabilizer, an
ultraviolet absorber, an impact resistance improver, a melt tension improver, and a flame retardant.
[0022] The viscosity of the matrix resin (resin a) that constitutes the layer (A) is usually 0.01 Pa·s to 1,000 Pa·s, and
preferably 0.5 Pa·s to 500 Pa·s. If the viscosity is too high, the density distribution of carbon fibers in the molded article
after stamping molding becomes non-uniform, and the sufficient mechanical characteristics required from a structure
are not obtained. Also, if the viscosity is too low, mechanical properties are deteriorated. Such viscosity is a value
measured by a parallel plate method using a rotational rheometer (ARES; manufactured by TA Instruments, Inc.). More
particularly, the dynamic viscoelasticity is measured under the conditions of a rotating plate diameter of 25 mm, an
angular frequency of 100 rad/sec, and a temperature of (softening point or melting point + 40°C).

(Reinforcing fibers)

[0023] In regard to the reinforcing fibers that can be used for the prepreg included in the fiber-reinforced resin laminate
of the invention, the kind of the reinforcing fibers is not particularly limited, and inorganic fibers, organic fibers, metal
fibers, or reinforcing fibers having a hybrid configuration combining those fibers can be used. Examples of the inorganic
fibers include carbon fibers, graphite fibers, silicon carbide fibers, alumina fibers, tungsten carbide fibers, boron fibers,
and glass fibers. Examples of the organic fibers include aramid fibers, high-density polyethylene fibers, and other general
nylon fibers, and polyesters. Examples of the metal salts include fibers of stainless steel and iron, and carbon fibers
coated with a metal may also be used. Among these, carbon fibers are preferred in consideration of mechanical char-
acteristics such as strength of the final molded product. Furthermore, the average fiber diameter of a single fiber of the
reinforcing fibers is preferably 1 mm to 50 mm, and more preferably 5 mm to 20 mm. Here, the diameter means the
diameter of a cross-section generated when a single fiber of the reinforcing fibers is cut in a direction perpendicular to
the length direction. The average fiber diameter can be measured by the following method.

<Measurement of average fiber diameter>

[0024] For a sample, any arbitrary twenty single fiber cross-sections from five sheets of SEM photographs are selected,
provided that three or more cross-sections are selected from one sheet of photograph, and the outer shape of each fiber
cross-section is traced using an image analysis software program (manufactured by Nippon Roper K.K., product name:
IMAGE-PRO PLUS). Thus, the major axis of the cross-section (maximum Feret diameter) d is measured. The average
of all the major axes d of the selected single fiber cross-sections is designated as the diameter Di of a single fiber of the
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carbon fiber bundle.
[0025] The number of filaments in a fiber bundle used for the reinforcing fibers is preferably 3,000 to 100,000, and
more preferably 3,000 to 60,000.

(Carbon fibers)

[0026] There are no particular limitations on the carbon fibers, and any one of polyacrylonitrile (PAN)-based, petrole-
um/coal pitch-based, rayon-based, and lignin-based carbon fibers can be used. Particularly, PAN-based carbon fibers
that are produced using PAN as a raw material are preferred because these fibers exhibit excellent productivity and
mechanical characteristics in an industrial scale. These can be purchased as commercially available products.
[0027] The total fineness of the carbon fiber bundle is preferably 200 to 7,000 tex. The number of filaments is preferably
1,000 to 100,000, and more preferably 3,000 to 60,000. The strength as the carbon fiber bundle is preferably 1 GPa to
10 GPa, and more preferably 5 GPa to 8 GPa. The elastic modulus is preferably 100 GPa to 1,000 GPa, and more
preferably 200 GPa to 600 GPa.
[0028] Meanwhile, the strength and the elastic modulus of a carbon fiber bundle refer to the strength and elastic
modulus measured by the method of JIS R7608. Specifically, the strength and the elastic modulus can be measured by
the following procedure.
[0029] As a resin formulation, 3,4-epoxycyclohexylmethyl 3,4-epoxycyclohexanecarboxylate/boron trifluoride mo-
noethylamine/ethanol = 100/3/4 (parts by mass) are used, and regarding the curing conditions, normal pressure, 130°C,
and 30 minutes are used. Measurement is made for ten strands of a carbon fiber bundle, and the average values are
designated as strand tensile strength and strand elastic modulus.
[0030] Furthermore, the average single fiber fineness of a fiber bundle of the reinforcing fibers in the layer (A) according
to the present invention is not particularly limited; however, the average single fiber fineness is preferably 0.5 dtex to
2.4 dtex. The fineness is more preferably 0.5 dtex to 1.5 dtex. Meanwhile, the average single fiber fineness is a value
defined as the mass of a fiber per 10,000 m, and this is determined by dividing the mass of a fiber bundle having a
certain length by the number of fibers, and converting the value to a mass corresponding to a length of 10,000 m.
[0031] The carbon fiber that can be used in the prepreg that can be used in the laminate of the invention is preferably
a carbon fiber that has been subjected to a surface treatment, particularly an electrolytic treatment. Examples of the
surface treating agent include an epoxy-based sizing agent, a urethane-based sizing agent, a nylon-based sizing agent,
and an olefin-based sizing agent. When a surface treatment is applied, it is advantageous in that the tensile strength
and flexural strength can be increased. Regarding the method for producing a prepreg, a method of superposing a
thermoplastic resin that is in a nonwoven fabric form, a film form, a sheet form or the like, on reinforcing fibers that are
unidirectionally aligned, and impregnating the reinforcing fibers by heating and pressurizing the thermoplastic resin and
the fibers, may be used.
[0032] The prepreg that can be used for the layer (A) of the invention can be obtained by, for example, preparing two
sheets of a thermoplastic resin that has been processed into a film form, interposing a reinforcing fiber sheet in which
reinforcing fibers are aligned in a sheet form, between the two sheets of thermoplastic resin, and performing heating
and pressurization. More specifically, two sheets of a film are sent out from two rolls that send out two sheets of a film
formed from a thermoplastic resin, a reinforcing fiber sheet supplied from a roll of a reinforcing fiber sheet is interposed
between the two sheets of film, and then the sheet and the films are heated and pressurized. Regarding the means for
heating and pressurization, any known means can be used, and the means may be even a means requiring utilization
of two or more heated rolls, or a multistage process of using plural preheating apparatuses and plural pairs of heated
rolls, or the like. Here, it is not necessary that only one kind of the thermoplastic resin that constitutes the film is used,
and it is acceptable to further laminate films formed from different kinds of thermoplastic resins, using an apparatus such
as described above.
[0033] The heating temperature may vary depending on the kind of the thermoplastic resin, and the heating temperature
is usually preferably 100°C to 400°C. On the other hand, the pressure at the time of pressurization is usually preferably
0.1 MPa to 10 MPa. When the pressure is in this range, the reinforcing fibers included in the prepreg can be impregnated
with the thermoplastic resin, which is preferable. Furthermore, regarding the prepreg that can be used for the fiber-
reinforced resin laminate of the present invention, a commercially available prepreg can also be used.
[0034] It is preferable that the prepreg including reinforcing fibers and resin (a), which constitutes the layer (A) used
in the present invention, has incisions each having a depth that cuts the reinforcing fibers in a direction that traverses
the reinforcing fibers; that the angle θ between an incision and a reinforcing fiber is preferably 60° or less, more preferably
from 30° to 60°; and that the sum total of the length of incisions 1a per 1 m2 of the prepreg is 150 m or less, and more
preferably from 20 m to 100 m, from the viewpoint that a good balance is obtained between moldability and mechanical
characteristics of the fiber-reinforced resin laminate. More specifically, the angle θ between an incision and a reinforcing
fiber is preferably 30° to 60°. Meanwhile, the angle θ in a case in which the shape of incision when viewed from a planar
view is a curved line, the angle can be determined by considering the angle formed by a reinforcing fiber and an incision,
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and making measurement in the same manner as in the case of a linear incision. In a case in which the prepreg base
material has incisions, it is preferable that the incisions cut the reinforcing fiber from the upper surface to the lower
surface of the prepreg base material. The sum total of the length of incisions 1a per 1 m2 of the prepreg is preferably
20 m to 150 m, and more preferably 20 m to 100 m.
[0035] The shape of the incisions may be a linear shape, or may be a curved line shape. In Fig. 7, linear-shaped
incisions are provided obliquely to the orientation direction of the reinforcing fibers; however, the incisions may also be
provided vertically. The sum total of the length of incisions 1a per 1 m2 (hereinafter, also referred to as cutting length)
can be made larger by providing curved line-shaped incisions, under the conditions of using the same incision angle
and the same fiber length. In this case, enhancement of moldability can be expected while high mechanical characteristics
are maintained. When linear-shaped incisions are employed, higher mechanical characteristics are obtained.
[0036] In regard to the prepreg that is included in the fiber-reinforced resin laminate of the present invention, the length
of cut reinforced fibers (average fiber length) La is not particularly limited; however, from the viewpoints of mechanical
characteristics and fluidity, the length is preferably from 5 mm to 100 mm. Particularly, in order to achieve a balance
between sufficient mechanical properties and the flow into thin-walled parts such as ribs at the time of stamping molding,
the length is more preferably from 10 mm to 50 mm. More specifically, the length of cut reinforcing fibers (average fiber
length) La is preferably 5 mm to 100 mm, and more preferably 10 mm to 50 mm. Meanwhile, the average fiber length
can be measured by the following procedure.

<Measurement of average fiber length>

[0037] The resin portion of a fiber-reinforced thermoplastic resin molded product is dissolved by heating in a mixed
solvent of equal amounts of phenol/tetrachloroethane. Subsequently, the resultant is separated by filtration, the carbon
fibers thus obtained are observed with an optical microscope, and the average fiber length is measured.
[0038] The prepreg that can be used for the present invention can be obtained by inserting incisions by utilizing a laser
marker, a cutting plotter, a punching die or the like. However, when the incisions are provided using a laser marker, it
is preferable because there is an effect that complicated incisions such as curved lines or zigzag lines can be processed
at a high speed. Also, when the incisions are provided using a cutting plotter, it is preferable because there is an effect
that a large-sized prepreg layer which measures 2 m or more on each side can be processed. Furthermore, when the
incisions are provided using a punching die, it is preferable because there is an effect that processing is enabled at a
high speed.
[0039] In a laminate formed from the prepreg including reinforcing fibers and resin (a), which is used for the layer (A)
of the present invention, it is preferable that plural prepregs are laminated such that the directions of the reinforcing
fibers are pseudo-isotropically arranged, from the viewpoint of reducing anisotropy of the laminate.
[0040] In regard to the laminate formed from the prepreg including carbon fibers and resin (a), which is used for the
layer (A) of the present invention, it is preferable that a prepreg in which the direction of the reinforcing fibers included
in the prepreg is 0°, and a prepreg in which the direction of the reinforcing fibers is 90° are alternately laminated, from
the viewpoint of reducing anisotropy of the laminate. It is more preferable that a prepreg in which the direction of the
reinforcing fibers included in the prepreg is 0°, a prepreg in which the direction of the reinforcing fibers is 45°, and a
prepreg in which the direction of the reinforcing fibers is 90°, and a prepreg in which the direction of the reinforcing fibers
is 135° (-45°), are laminated in sequence.

(Layer (B))

[0041] The layer (B) used in the present invention is a sheet formed from at least one composition selected from a
resin composition (b) including resin (b), and a filler-containing resin composition including resin (c) and a filler, and the
product of the square of the volume percentage content Vf of the filler and the average value of the maximum length of
the filler, Lb mm, is 2.0 mm or less. The product is more preferably 0.02 mm to 1 mm.

(Resin composition (b) and filler-containing resin composition)

[0042] The resin composition (b) and the filler-containing resin composition that constitute the layer (B) used in the
present invention include resin (b) and resin (c), respectively.

(Resin)

[0043] Examples of the resin (b) and the resin (c) that constitute the layer (B) used in the present invention include a
thermosetting resin and a thermoplastic resin. From the viewpoints of molding cycle or handling, a thermoplastic resin
is preferred. Examples of the thermosetting resin include thermosetting resins such as an epoxy resin, an unsaturated
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polyester resin, a vinyl ester resin, a phenolic resin, an epoxy acrylate resin, a urethane acrylate resin, a phenoxy resin,
an alkyd resin, a urethane resin, a maleimide resin, and a cyanate resin. Examples of the thermoplastic resin include
styrene-based resins such as polystyrene, a (meth)acrylic acid ester/styrene copolymer, an acrylonitrile/styrene copol-
ymer, a styrene/maleic anhydride copolymer, ABS, ASA, and AES; acrylic resins such as polymethyl methacrylate;
polycarbonate-based resins; polyamide-based resins; polyester-based resins such as polyethylene terephthalate and
polybutylene terephthalate; polyphenylene ether-based resins; polyoxymethylene-based resins; polysulfone-based res-
ins; polyallylate-based resins; polyphenylene sulfide-based resins; thermoplastic polyurethane-based resins; polyolefin-
based resins such as polyethylene, polypropylene, polybutene, poly-4-methylpentene, an ethylene/propylene copolymer,
and an ethylene/butene copolymer; copolymers of α-olefins and various monomers, such as an ethylene/vinyl acetate
copolymer, an ethylene/(meth)acrylic acid ester copolymer, an ethylene/maleic anhydride copolymer, and an ethyl-
ene/acrylic acid copolymer; aliphatic polyester-based resins such as polylactic acid, polycaprolactone, and an aliphatic
glycol/aliphatic dicarboxylic acid copolymer; and biodegradable resins such as biodegradable cellulose, a polypeptide,
polyvinyl alcohol, starch, carrageenan, and chitinaceous/chitosan materials. Preferred examples include polyamide-
based resins and polyolefin-based resins. Specific examples of the polyamide-based resins include nylon 6 and nylon
66, and among them, nylon 6 is preferred. Regarding the polyolefin-based resins, among them, polypropylene and an
acid-modified polypropylene are preferred.

(Resin additives)

[0044] Furthermore, if necessary, various resin additives can be incorporated into the layer, and examples of the resin
additives include a colorant, an oxidation inhibitor, a metal inactivating agent, carbon black, a nucleating agent, a mold
release agent, a lubricating agent, an antistatic agent, a photostabilizer, an ultraviolet absorber, an impact resistance
improver, a melt tension improver, and a flame retardant.
[0045] The viscosity of the matrix resin (resin) that constitutes the layer (B) is usually 0.1 Pa·s to 10,000 Pa·s, and
preferably 1.0 Pa·s to 5,000 Pa·s. If the viscosity is too higher, stamping moldability is deteriorated, and if the viscosity
is too low, the density distribution of the carbon fibers in a molded article after stamping molding becomes non-uniform,
and the sufficient mechanical characteristics required for a structure are not obtained. Such viscosity is a value measured
by a parallel plate method, using a rotational rheometer (ARES; manufactured by TA Instruments, Inc.). More particularly,
the dynamic viscoelasticity is measured under the conditions of a rotating plate diameter of 25 mm, an angular frequency
of 100 rad/sec, and a temperature of (softening point or melting point + 40°C).

(Filler)

[0046] The filler-containing resin composition that constitutes the layer (B) used in the present invention includes a
filler and the resin (c).
[0047] Regarding the filler, various inorganic fillers can be incorporated. The inorganic filler is not particularly limited;
however, examples thereof include fibrous fillers such as glass fibers and carbon fibers; plate-shaped fillers such as
talc, mica, and graphite; and particulate fillers such as calcium carbonate and silica. A fibrous filler or a plate-shaped
filler is preferred, and a fibrous filler (reinforcing fibers) is more preferred. An anisotropic filler can easily increase the
strength in a particular direction. Regarding these fillers, it is acceptable to use plural kinds at the same time.
[0048] Regarding the filler, a recycled material is preferred. Examples of the recycled material include a fiber waste
generated at the time of carbon fiber prepreg production; a waste generated in a production process for stampable
sheets that are produced by laminating thermoplastic resin sheets and prepregs and performing heating and pressuri-
zation; a waste generated in a trimming process after stamping molding; and carbon fibers remaining after resin com-
ponents are eliminated from stampable sheets or from thermoplastic resin molded articles as a waste generated at the
time of stamping molding. Among them, it is preferable to use a waste generated in a trimming process after stamping
molding, after pulverizing the waste.
[0049] The average value of the length (average fiber length) Lb of the reinforcing fibers that are incorporated as a
filler into the resin (c) that constitutes the layer (B) used in the present invention, is not particularly limited; however, in
order to achieve a balance between sufficient mechanical properties and the flow into thin-walled parts such as ribs at
the time of stamping molding, the length is preferably 10 mm or less. More specifically, the average value of the maximum
length of the filler, Lb, is preferably 1 mm to 5 mm, and more preferably 0.5 mm to 2 mm. Here, the average value of
the maximum length of the filler can be measured by the following procedure.

<Measurement of average fiber length>

[0050] The resin portion of a fiber-reinforced thermoplastic resin molded product is dissolved by heating in a mixed
solvent of equal amounts of phenol/tetrachloroethane. Subsequently, the resultant is separated by filtration, the carbon
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fibers thus obtained are observed with an optical microscope, and the average fiber length is measured.
[0051] The fiber volume percentage content of the fibers (volume percentage content Vf of the reinforcing fibers)
incorporated into the resin (c) that constitutes the layer (B) used in the present invention is preferably 30% or less relative
to the volume of the prepreg. When the fiber volume percentage content is 30% or more, sufficient flow characteristics
cannot be obtained at the time of stamping molding. More specifically, the fiber volume percentage content is preferably
5% to 25%, and more preferably 10% to 20%. Regarding such a fiber volume percentage content, for example, a value
determined using the following formulae, from the density of the prepreg, pc, obtained by a water displacement method;
the density of the fibers, pf, obtained by a similar method; the mass of the prepreg, W; and the weight W1 obtained after
the prepreg is combusted and the resin is burned down, is used. 

[0052] The flexural modulus of the layer (B) is usually 0.1 GPa to 30 GPa, and preferably 0.5 GPa to 10 GPa. If the
flexural modulus is too high, stamping moldability is decreased. If the flexural modulus is too low, heat resistance is
deteriorated, and sufficient mechanical characteristics cannot be obtained in a high-temperature environment.
[0053] Such flexural modulus can be measured based on JIS K7074. That is, a three-point bending test can be carried
out by placing a test specimen having a width of 25 mm and a length of 100 mm on a support having a size of R2 mm
at a gauge length of 80 mm, and performing the test at a crosshead speed of 5 mm/min using an indenter having a size
of R5 mm.
[0054] Regarding the resin that can be used for the molded article of the present invention, a commercially available
product may also be used. Examples thereof include, for a polyamide resin, 1013B manufactured by Ube Industries,
Ltd.; S6007 manufactured by Mitsubishi Gas Chemical Company, Inc.; and for a glass fiber-reinforced resin, 1015 GC3,
1015 GC6, and 1015 GC9 manufactured by Ube Industries, Ltd.; and FUNCSTER™ TMPA66 (all product names)
manufactured by Japan Polypropylene Corp.
[0055] The thicknesses of the layer (A) and the layer (B) used in the present invention are such that the value obtained
by dividing the sum total of the thickness of the layer (A) by the sum total of the thickness of the layer (B) is from 0.5 to
3.0. If the aforementioned value is more than 3.0, as illustrated in Fig. 2, the fluidity required for thin-walled parts such
as ribs cannot be obtained at the time of stamping molding, while if the value is less than 0.5, the density of the carbon
fibers in a molded article of the laminate becomes small, and sufficient mechanical characteristics required from a
structure are not obtained. When the value obtained by dividing the sum total of the thickness of the layer (A) by the
sum total of the thickness of the layer (B) is adjusted to be from 0.5 to 3.0, as illustrated in Fig. 3, thin-walled parts such
as ribs can also be filled, and a molded article having a uniform density of carbon fibers is obtained. It is preferable that
the value obtained by dividing the sum total of the thickness of the layer (A) by the sum total of the thickness of the layer
(B) is from 1.0 to 2.0. Meanwhile, the thicknesses of the layer (A) and the layer (B) can be measured by, for example,
making an observation with a stereoscopic microscope.
[0056] Since the complex viscosity η* is a value calculated from the complex elastic modulus G*, which is calculated
from the storage modulus G’ and loss modulus G", the characteristics of a viscoelastic fluid can be clearly presented.
Furthermore, the complex viscosity η* is calculated by the following formulae, and is a value measured by, for example,
a parallel plate method using a rotational rheometer (ARES; manufactured by TA Instruments, Inc.). More particularly,
the complex viscosity is measured under the conditions of a rotating plate diameter of 25 mm, an angular frequency of
100 rad/sec, and a temperature of (softening point or melting point + 40°C). 

[0057] The complex viscosity of the layer (A) and the complex viscosity of the layer (B) at a temperature of the softening
point or melting point of the resin that forms the layer (A) used in the first embodiment of the present invention plus 40°C,
and at 100 rad/sec, are such that the value obtained by dividing the complex viscosity of the layer (A) by the complex
viscosity of the layer (B) is from 0.85 to 4.0. If the aforementioned value is more than 4.0, as illustrated in Fig. 4, outflow
of the molded article end face of the layer (B) at the time of stamping molding cannot be suppressed, and particularly,
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the density distribution of carbon fibers of the molded article becomes non-uniform. Thus, sufficient mechanical char-
acteristics required from a structure are not obtained. If the aforementioned value is less than 0.85, as illustrated in Fig.
5, fluidity is decreased, and the fluidity required for thin-walled parts such as ribs is not obtained. When the aforementioned
value is from 0.85 to 4.0, as illustrated in Fig. 6, thin-walled parts such as ribs can also be filled, and a molded article
having a uniform density of carbon fibers can be obtained. It is more preferable that the value obtained by dividing the
complex viscosity of the layer (A) by the complex viscosity of the layer (B) is 1.5 to 3.
[0058] It is preferable for the fiber-reinforced resin laminate according to the first embodiment of the present invention
that one layer (B) is laminated between one layer (A) and another layer (A). At this time, the two layers (A) may be
laminates formed from the same prepreg, or may be laminates formed from different prepregs. However, the two layers
(A) should both satisfy the condition that the product of the square of the volume percentage content Vf of the reinforcing
fibers and the average fiber length, La mm, is larger than 2.0 mm and 15 mm or less.
[0059] Specifically, it is preferable that the reinforcing fibers of one layer (A) are carbon fibers, the resin thereof is
nylon 6 or an acid-modified polypropylene, the reinforcing fibers of the other layer (A) are carbon fibers, the resin thereof
is nylon 6 or an acid-modified polypropylene, and the resin of the layer (B) is nylon 6, polypropylene, or an acid-modified
polypropylene.
[0060] It is preferable that the reinforcing fibers of one layer (A) and the other layer (A) are carbon fibers, the resin
thereof is nylon 6 or an acid-modified polypropylene, and the resin of the layer (B) is nylon 6, polypropylene, or an acid-
modified polypropylene.
[0061] Furthermore, in a case in which the fiber-reinforced resin laminate is composed of one layer (A) and one layer
(B), it is preferable that the reinforcing fibers are carbon fibers, the resin is nylon 6 or an acid-modified polypropylene,
and the resin of the layer (B) is nylon 6, polypropylene, or an acid-modified polypropylene.
[0062] In the fiber-reinforced resin laminate according to a second embodiment of the present invention, layer (A),
which is a prepreg having reinforcing fibers impregnated with resin (a’) or with resin composition (a’) including resin (a’);
and layer (B), which is a sheet formed from at least one composition selected from the group consisting of resin composition
(b’) including resin (b’), and a filler resin composition including resin (c’) and a filler; are laminated, and the following
expression (1) is satisfied: 

A1: absolute value of the complex viscosity of the layer (A) at a temperature of (softening point or melting point of
resin (a’) that forms the layer (A) + 40°C) and at 100 rad/sec, and
B1: absolute value of the complex viscosity of the layer (B) at a temperature of (softening point or melting point of
resin (a’) that forms the layer (A) + 40°C) and at 100 rad/sec.

[0063] Examples of the resin (a’) include a thermosetting resin and a thermoplastic resin, and among them, a ther-
moplastic resin is preferred. Specifically, the same resins as the thermoplastic resins that constitute the layer (A) men-
tioned in the first embodiment of the present invention can be used. The resin composition (a) includes resin (a), and
specifically, the same composition as the thermoplastic resin composition (a) that constitutes the layer (A) mentioned
in the first embodiment of the present invention can be used.
[0064] For the reinforcing fibers, resin additives, and the like, the same ones as those used for the first embodiment
can be used.
[0065] Regarding the resin (b’) and resin (c’), thermoplastic resins are preferred, and specifically, the same resins as
the thermoplastic resins that constitute the layer (B) mentioned for the first embodiment of the present invention can be
used.
[0066] Regarding the filler, resin additives, and the like, the same ones as those used for the first embodiment can be
used.

(Method for producing fiber-reinforced resin laminate)

[0067] The method for producing a fiber-reinforced resin laminate according to a third embodiment of the present
invention may be a method including a step of heating and pressurizing layer (A) of a prepreg laminate including reinforcing
fibers that are unidirectionally oriented and a thermoplastic resin composition, and layer (B) of a thermoplastic resin
composition, to a temperature higher than or equal to the softening point or melting point, and thereby integrating (fusing)
the layers.
[0068] More specifically, the method for producing a fiber-reinforced resin laminate according to the third embodiment
of the present invention may be a method including a step of laminating layer (A) and layer (B), subsequently heating
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the laminate to a temperature higher than or equal to the softening point or melting point of any one thermoplastic resin
among the thermoplastic resins that constitute the layer (A) and the layer (B), and thereby fusing the layers.
[0069] The heating temperature is preferably 30°C to 400°C, and more preferably 50°C to 350°C.
[0070] Here, the term "fusing" means that layer (A) and layer (B) are welded.

(Method for producing molded article of fiber-reinforced resin laminate)

[0071] The method for producing a molded article of a fiber-reinforced resin laminate includes introducing the fiber-
reinforced resin laminate according to the third embodiment of the present invention into a mold set to a predetermined
temperature, and then performing stamping molding.
[0072] Specifically, the method can be carried out using a conventional apparatus, for example, a heating and pressing
machine, and for the mold to be used at that time, a mold having a desired shape can be used. Also, regarding the
material for the mold, those materials that are conventionally used for hot stamping molding can be employed, and a
so-called mold made of a metal can be used. Specifically, the present process can be carried out by, for example,
disposing the laminate inside a mold, and heating and pressurizing the laminate.
[0073] In regard to the heating, the temperature may vary depending on the kind of the resin included in the laminate;
however, it is preferable to perform heating at 30°C to 400°C, and more preferably, it is preferable to perform heating
at 50°C to 350°C. Furthermore, prior to the heating, preliminary heating may also be carried out. In regard to preliminary
heating, it is preferable to perform heating usually at 30°C to 400°C, and preferably at 50° to 350°C.
[0074] In regard to the pressurization, the pressure applied to the laminate is preferably 0.1 MPa to 10 MPa, and more
preferably 0.2 MPa to 2 MPa. For this pressure, a value obtained by dividing the pressing force by the area of the fiber-
reinforced resin laminate is employed.
[0075] The time for performing heating and pressurization is preferably 0.1 minutes to 30 minutes, and more preferably
0.5 minutes to 10 minutes. Furthermore, the cooling time provided after heating and pressurization is preferably 0.5
minutes to 30 minutes.
[0076] The thickness of the integrated fiber-reinforced thermoplastic resin layer according to the present invention,
which has been subjected to hot stamping molding as described above, is preferably 0.5 mm to 10 mm. The thickness
of the fiber-reinforced thermoplastic resin layer can be measured by making measurement with a stereoscopic micro-
scope.
[0077] Meanwhile, the heating and pressurization may also be carried out under the conditions in which a lubricating
agent exists between the mold and the laminate base material. As a result of the action of the lubricating agent, the
friction between the mold and the laminate base material is reduced, and fluidity at the time of the heating and pressur-
ization described above is enhanced. Therefore, impregnation of reinforcing fibers with a thermoplastic resin can be
improved, and also, voids existing between the reinforcing fibers and between the reinforcing fibers and the thermoplastic
resin in the laminate base material thus obtainable can be reduced.
[0078] Regarding the lubricating agent, for example, a silicone-based lubricating agent or a fluorine-based lubricating
agent can be used. Furthermore, a mixture thereof may also be used. Regarding the silicone-based lubricating agent,
a heat-resistant agent that can be used in a high-temperature environment is preferably used. More specific examples
include silicone oils such as methylphenylsilicone oil and dimethylsilicone oil, and commercially available lubricating
agents can be preferably used. Regarding the fluorine-based lubricant, a heat-resistant agent that can be used in a high-
temperature environment is preferably used. Specific examples thereof include fluorine oils such as perfluoropolyether
oil and a low molecular weight polymer of ethylene trifluoride chloride (weight average molecular weight = 500 to 1,300)
can be used.
[0079] The lubricating agent may be supplied onto one surface or both surfaces of the laminate, onto one surface or
both surfaces of the mold, or onto one surface or both surfaces of both the laminate and the mold, using an appropriate
means such as a lubricant application apparatus, or may be applied in advance on the surface of the mold. Above all,
an embodiment in which the lubricating agent is supplied onto both surfaces of the laminate is preferred.

EXAMPLES

[0080] Hereinafter, the present invention will be more specifically described by way of Examples, but the present
invention is not intended to be limited to the inventions described in Examples.

(Evaluation of stamping moldability)

[0081] Using a far-infrared heater type heating apparatus (manufactured by NGK Kiln Tech Corp., product name:
H7GS-71289), in which the heater temperature was set to 360°C in a case in which the thermoplastic resin that formed
the layer (A) was a nylon-based resin, and to 270°C in a case in which the thermoplastic resin that formed the layer (A)
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was a polypropylene-based resin, plural sheets of a fiber-reinforced resin laminate that had been cut to a size of 100
mm in width and 200 mm in length were stacked such that the sum of the thickness was about 6 mm, and the fiber-
reinforced resin laminate sheets were heated and softened for 6 minutes, without causing the sheets to overlap each
other. Using a 300-t pressing machine (manufactured by Kawasaki Hydromechanics Corp.) which used a molding mold
(Fig. 1) having a mold projection area of 140 3 240 mm, equipped on the backside with a mold having ribs, each
measuring 70 mm to 60 mm in width, 60 mm in height, and 3 mm to 2 mm in thickness, and having a cylindrical part for
ejector pin having a diameter of 6 mm embedded at the center in the width direction, the fiber-reinforced resin laminate
sheets that had been preheated and softened were disposed in a stacked manner in a lower mold of the molding mold.
Press molding was performed under the conditions of a charge time of 25 s, a mold temperature of 145°C or 90°C, a
molding pressure of 18 MPa, and a molding time of 1 minute, and thus a molded product was obtained. For the molded
article thus obtained, evaluation was performed based on the following criteria.
[0082] • The mold is fully filled at a mold temperature of 90°C, and resin-rich portions are not recognized at the tip of
the ribs. "("

• The mold is fully filled at a mold temperature of 90°C, and resin-rich portions are recognized at the tips of the ribs. "O"
• The mold is fully filled at a mold temperature of 145°C, but filling occurs short at a mold temperature of 90°C. "Δ"
• Filling occurs short at a mold temperature of 145°C. "3"

(Evaluation of chemical characteristics)

[0083] A specimen was produced by cutting a fiber-reinforced resin laminate thus produced, into a size of 100 mm in
length and 25 mm in width at 0°, 45°, 90°, and -45° with respect to the fiber orientation direction at the outermost surface
of the prepreg. According to the test method defined in JIS K-7074, a three-point bending test was performed using a
universal tester (manufactured by Instron, Inc., product name: Model 4465), at a gauge length of 80 mm and a crosshead
speed of 5.0 mm/min, and thus the flexural strength and flexural modulus were calculated. The number of specimens
that were cut at each angle and analyzed was set to n = 5, and the average values were designated as the strength and
elastic modulus at each angle. Furthermore, a sample having a value of the flexural modulus at 0° of 20 GPa or larger
and a value of (flexural modulus at an angle with low elastic modulus)/(flexural modulus at 0°) of 0.7 or larger was
considered as a sample having small anisotropy and excellent rigidity and was rated as (; a sample having a flexural
modulus at 0° of 20 GPa or larger and a value of the ratio of 0.7 to 0.5 was rated as O; a sample having a flexural
modulus at 0° of 20 GPa or larger and a value of the ratio of 0.5 or less was rated as Δ; and a sample having a flexural
strength at 0° of 18 GPa or less was rated as 3.

(Measurement of complex viscosity)

[0084] The complex viscosity η* is a value measured by a parallel plate method using a rotational rheometer (ARES;
manufactured by TA Instruments, Inc.). More particularly, the complex viscosity was measured under the conditions of
a rotating plate diameter of 25 mm, an angular frequency of 100 rad/sec, and a temperature of (softening point or melting
point + 40°C).

(Example 1)

(Production of prepreg)

[0085] Carbon fibers (manufactured by Mitsubishi Rayon Co., Ltd., product name: PYROFILL TR-50S15L) were aligned
in a planar form such that the direction of the reinforcing fibers was unidirectional, and thus a reinforcing fiber sheet
having a basis weight of 72.0 g/m2 was produced. Both surfaces of this reinforcing fiber sheet were interposed between
films of nylon 6 (nylon 6; manufactured by Ube Industries, Ltd., product name: 1013B, melting point: 218°C, thickness:
40 mm), and the reinforcing fiber sheet was impregnated with the thermoplastic resin by passing the assembly several
times between calendar rolls. Thus, a prepreg having a carbon fiber volume percentage content (Vf) of 34% and a
thickness of 0.125 mm was obtained.

(Production of fiber-reinforced resin laminate)

[0086] The prepreg thus obtained was cut into a size of 300 mm on each side, and incisions were inserted therein at
a constant interval as indicated in Table 1, using a sample cutting machine (manufactured by Laserck Corp., product
name: L-2500). At that time, incision processing was performed, such that areas extending to the interior by 5 mm from
the edges of the sheet were excluded, the reinforcing fibers had a constant length L of 25.0 mm and an average cutting
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length 1 of 14.1 mm, and the angle θ formed by an incision that cut the fibers and a reinforcing fiber was 45°. Thus, a
prepreg (hereinafter, abbreviated to PPG) was obtained. At this time, the sum total of the cutting length, 1a, per 1 m2

was 56.6 m.
[0087] Inside a pillbox type mold which measured 300 mm on each side and 1.5 mm in depth, a nylon 6 sheet (nylon
6; manufactured by Ube Industries, Ltd., product name: 1013B) having a thickness of 0.5 mm was interposed between
a PPG laminate composed of four sheets of PPG in which the directions of the reinforcing fibers were 0°, 45°, 90°, and
-45°, and a PPG laminate composed of four sheets of PPG in which the directions of the reinforcing fibers were 0°, 45°,
90°, and -45° as indicated in Table 1. Subsequently, the assembly was heated and then was maintained, using a
compression molding machine (manufactured by Shinto Metal Industries Corp., product name: SFA-50HH0), for 7
minutes under the conditions of 250°C and an oil pressure indication of 0 MPa with a high temperature side press.
Subsequently, the mold was maintained for 7 minutes under the conditions of an oil pressure indication of 2 MPa (pressing
pressure: 0.55 MPa) at the same temperature, and then the mold was transferred to a cooling press and maintained for
3 minutes at 30°C and an oil pressure indication of 5 MPa (pressing pressure: 1.38 MPa). Thereby, a fiber-reinforced
resin laminate was obtained.
[0088] Specimens cut from the sheet were used to perform various evaluations.

(Example 2)

[0089] A fiber-reinforced resin laminate was produced in the same manner as in Example 1, except that incision
processing at an angle θ formed by an incision that cut the fibers and a reinforcing fiber of 30° was performed such that
the carbon fibers had a constant length (average fiber length) L of 25.0 mm and an average cutting length 1 of 20 mm
An evaluation of the laminate was performed. The sum total of the cutting length, 1a, per 1 m2 of the PPG used at the
surface layer at this time was 80 m.

(Example 3)

[0090] A fiber-reinforced resin laminate was produced in the same manner as in Example 1, except that the PPG and
a nylon 6 sheet (nylon 6; manufactured by Ube Industries, Ltd., product name: 1013B) having a thickness of 1 mm were
superposed as indicated in Table 1, and an evaluation of the laminate was performed. The sum total of the cutting length,
1a, per 1 m2 of the PPG used at the surface layer at this time was 56.6 m.

(Example 4)

(Production of prepreg)

[0091] Carbon fibers (manufactured by Mitsubishi Rayon Co., Ltd., product name: PYROFILL TR-50S15L) were aligned
in a planar form such that the direction of the reinforcing fibers was unidirectional, and thus a reinforcing fiber sheet
having a basis weight of 72.0 g/m2 was produced. Both surfaces of this reinforcing fiber sheet were interposed between
films of an acid-modified polypropylene (acid-modified polypropylene; manufactured by Mitsubishi Chemical Corp.,
product name: 958V, melting point: 168°C, thickness: 40 mm), and the reinforcing fiber sheet was impregnated with the
thermoplastic resin by passing the assembly several times between calendar rolls. Thus, a PPG having a carbon fiber
volume percentage content (Vf) of 34% and a thickness of 0.125 mm was obtained.

(Production of fiber-reinforced resin laminate)

[0092] The PPG thus obtained was cut into a size of 300 mm on each side, and incisions were inserted therein at a
constant interval as indicated in Table 1, using a sample cutting machine (manufactured by Laserck Corp., product
name: L-2500). At that time, incision processing was performed, such that areas extending to the interior by 5 mm from
the edges of the sheet were excluded, the reinforcing fibers had a constant length L of 25.0 mm and an average cutting
length 1 of 14.1 mm, and the angle 0 formed by an incision that cut the fibers and a reinforcing fiber was 45°. Thus, a
PPG was obtained. At this time, the sum total of the cutting length, 1a, per 1 m2 was 56.6 m.
[0093] Inside a pillbox type mold which measured 300 mm on each side and 1.5 mm in depth, a polypropylene sheet
(polypropylene; manufactured by Japan Polypropylene Corp., product name: EA6) having a thickness of 0.5 mm was
interposed between a PPG laminate composed of four sheets of PPG in which the directions of the reinforcing fibers
were 0°, 45°, 90°, and -45° as indicated in Table 1, and a PPG laminate composed of four sheets of PPG in which the
directions of the reinforcing fibers were 0°, 45°, 90°, and -45°. Subsequently, the assembly was heated and then was
maintained, using a compression molding machine (manufactured by Shinto Metal Industries Corp., product name: SFA-
50HH0), for 7 minutes under the conditions of 200°C and an oil pressure indication of 0 MPa with a high temperature
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side press. Subsequently, the mold was maintained for 7 minutes under the conditions of an oil pressure indication of
2 MPa (pressing pressure: 0.55 MPa) at the same temperature, and then the mold was transferred to a cooling press
and maintained for 3 minutes at 30°C and an oil pressure indication of 5 MPa (pressing pressure: 1.38 MPa). Thereby,
a fiber-reinforced resin laminate was obtained.

(Example 5)

[0094] A fiber-reinforced resin laminate was produced in the same manner as in Example 1, except that the PPG and
a glass fiber-reinforced nylon 6 sheet (nylon 6; manufactured by Ube Industries, Ltd., product name: 1015GC6) having
a thickness of 0.5 mm were stacked as indicated in Table 1, and evaluation was performed. Furthermore, the sum total
of the cutting length, 1a, per 1 m2 of the PPG used at the surface layer was 56.6 m.

(Example 6)

[0095] A fiber-reinforced resin laminate was produced in the same manner as in Example 4, except that the PPG and
an acid-modified polypropylene sheet (acid-modified polypropylene; manufactured by Mitsubishi Chemical Corp., product
name: P958V) having a thickness of 0.5 mm were stacked as indicated in Table 1, and evaluation was performed.
Furthermore, the sum total of the cutting length, 1a, per 1 m2 of the PPG used at the surface layer was 56.6 m.

(Comparative Example 1)

[0096] A fiber-reinforced resin laminate was produced in the same manner as in Example 1, except that the PPG and
a glass fiber-reinforced nylon 6 sheet (nylon 6; manufactured by Ube Industries, Ltd., product name: 1015GC6) having
a thickness of 0.16 mm were stacked as indicated in Table 1, and evaluation was performed. Furthermore, the sum total
of the cutting length, 1a, per 1 m2 of the PPG used at the surface layer was 56.6 m.

(Comparative Example 2)

[0097] Inside a pillbox type mold which measured 300 mm on each side and 1.5 mm in depth, 120 g of carbon fiber-
reinforced nylon 66 short fiber pellets (nylon 66; manufactured by Mitsubishi Rayon Co., Ltd., product name: N66-C-20)
were uniformly scattered within the mold. The pellets were heated and then were maintained, using a compression
molding machine (manufactured by Shinto Metal Industries Corp., product name: SFA-50HH0), for 7 minutes under the
conditions of 300°C and an oil pressure indication of 0 MPa with a high temperature side press. Subsequently, the mold
was maintained for 7 minutes under the conditions of an oil pressure indication of 2 MPa (pressing pressure: 0.55 MPa)
at the same temperature, and then the mold was transferred to a cooling press and maintained for 3 minutes at 30°C
and an oil pressure indication of 5 MPa (pressing pressure: 1.38 MPa). Thereby, a fiber-reinforced resin laminate was
obtained.

(Comparative Example 3)

[0098] A fiber-reinforced resin laminate was produced in the same manner as in Example 1, except that the PPG and
a nylon 6 sheet (nylon 6; manufactured by Ube Industries, Ltd., product name: 1013B) having a thickness of 2.5 mm
were stacked as indicated in Table 1, and evaluation was performed. Furthermore, the sum total of the cutting length,
1a, per 1 m2 of the PPG used at the surface layer was 56.6 m.
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[Table 2]

Comparative 
Example 1

Comparative 
Example 2

Comparative 
Example 3

Configuration 
of PPG

45

No incisions

45

Sum total of incision length, 1a (m), 
per 1 m2 56.6 56.6

Fiber length, L (mm) 25 25

Average incision length, I (mm) 14.1 14.1

Matrix resin (melting point: °C)
1013B 

(218°C)
Ny66 (265°C)

1013B 
(218°C)

Layer 
configuration of 

laminate

Surface layer (layer A)

PPG (0°)

Carbon fiber-
reinforced nylon 66 

short fiber sheet

PPG (0°)

PPG (45°) PPG (45°)

PPG (90°) PPG (90°)

PPG (-45°) PPG (-45°)

Intermediate layer (layer B)
1015GC6 
(0.16 mm)

1013B (2.5 
mm)

Surface layer (layer A)

PPG (-45°) PPG (-45°)

PPG (90°) PPG (90°)

PPG (45°) PPG (45°)

PPG (0°) PPG (0°)

Thickness of laminate (mm) 1.2 1.5 3.5

Carbon fiber average Vf (%) of laminate 28 14 10

Thickness of both surface layers (mm)/Thickness of 
intermediate layer (mm)

6.3 - 0.4

Vf2 (%) of both surface layers * average fiber length L 2.89

0.007

2.89

Vf2 (%) of intermediate layer * average of maximum fiber 
length L

0.02 0

Complex viscosity of layer A, h*A (Pa3S) (measurement 
temperature °C)

430(260°C)

-

560(210°C)

Complex viscosity of layer B, h*B (Pa3S) (measuremnet 
temperature °C)

130(260°C) 130 (210°C)

Complex viscosity of layer A, h*A/complex viscosity of 
layer B, h*B

3.31 - 4.3

Evaluation of moldability 3 D s
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[0099] As is obvious from Table 1 and Table 2, Example 1 to 6 all exhibited satisfactory moldability and mechanical
characteristics. On the contrary, Comparative Example 1 had poor moldability, and Comparative Examples 2 and 3 had
poor mechanical characteristics. Thus, these are not suitable as structural materials. Also, among these, Example 3
achieved an excellent balance between moldability and mechanical characteristics.

INDUSTRIAL APPLICABILITY

[0100] According to the present invention, a fiber-reinforced resin laminate which has excellent mechanical charac-
teristics applicable to structural materials, with less variation in the mechanical characteristics, and has excellent sha-
peability into complicated shapes, and which is inexpensive and enables molding in a short period of time, can be obtained.

EXPLANATIONS OF LETTERS OR NUMERALS

[0101]

6: Incision
7: Reinforcing fiber
8: Angle formed by incision and reinforcing fiber
9: Cutting length
10: Length of cut reinforcing fiber

Claims

1. A fiber-reinforced resin laminate comprising the following layer (A) and the following layer (B) laminated together,
for which the value obtained by dividing the sum total of the thickness of the layer (A) by the sum total of the thickness
of the layer (B) is from 0.5 to 3.0:

layer (A): a laminated formed from a prepreg having reinforcing fibers impregnated with resin (a) or resin
composition (a), the product of the square of the volume percentage content Vf of the reinforcing fibers and the
average fiber length La being more than 2.0 and 15 or less; and
layer (B): a sheet formed from at least one composition selected from the group consisting of resin composition
(b), and a filler-containing resin composition including resin (c) and a filler, the product of the square of the
volume percentage content Vf of the filler and the average value Lb of the maximum length of the filler being
2.0 or less.

2. The fiber-reinforced resin laminate according to claim 1, wherein the following expression (1) is satisfied: 

(continued)

Comparative 
Example 1

Comparative 
Example 2

Comparative 
Example 3

Mechanical 
characteristics

Flexural strength at 0° (MPa) 450 330 220

Flexural modulus at 0° (GPa) 35 14 18

Flexural strength 
small

Angle (°) 90

No anisotropy

90

Strength (MPa) 215 190

Elastic modulus 
(GPa)

16 15

(Flexural modulus at angle with low 
elastic modulus)/(Flexural modulus at 

0°)
0.46 - 0.83

Evaluation Δ 3 3
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A1: absolute value of the complex viscosity of the layer (A) at a temperature of (softening point or melting point
of resin (a) that forms the layer (A) + 40°C) and at 100 rad/sec, and
B1: absolute value of the complex viscosity of the layer (B) at a temperature of (softening point or melting point
of resin (a) that forms the layer (A) + 40°C) and at 100 rad/sec.

3. The fiber-reinforced resin laminate according to claim 1 or 2, wherein the value obtained by dividing the sum total
of the thickness of the layer (A) by the sum total of the thickness of the layer (B) is from 1.0 to 2.0.

4. A fiber-reinforced resin laminate comprising layer (A) and layer (B) laminated together, the layer (A) being a laminate
formed from a prepreg in which reinforcing fibers are impregnated with resin (a’), or with resin composition (a’)
including resin (a’); and the layer (B) being a sheet formed from at least one composition selected from the group
consisting of resin composition (b’) including resin (b’), and a filler resin composition including resin (c’) and a filler,
wherein the following expression (1) is satisfied: 

A1: absolute value of the complex viscosity of the layer (A) at a temperature of (softening point or melting point
of resin (a’) that forms the layer (A) + 40°C) and at 100 rad/sec, and
B1: absolute value of the complex viscosity of the layer (B) at a temperature of (softening point or melting point
of resin (a’) that forms the layer (A) + 40°C) and at 100 rad/sec.

5. The fiber-reinforced resin laminate according to any one of claims 1 to 4, wherein the resin that constitutes the layer
(A) and/or the layer (B) is a thermoplastic resin.

6. The fiber-reinforced resin laminate according to any one of claims 1 to 5, wherein the prepreg that forms the layer
(A) includes incisions each having a depth that cuts the reinforcing fibers in a direction that traverses the length
direction of the reinforcing fibers.

7. The fiber-reinforced resin laminate according to claim 6, wherein the incisions of the prepreg that forms the layer
(A) have a linear shape, the angle formed by the incision and the length direction of the reinforcing fibers is from
30° to 60°, and the sum total of the length of the incisions per 1 m2 of the prepreg is from 20 m to 150 m.

8. The fiber-reinforced resin laminate according to any one of claims 1 to 7, wherein the average fiber length of the
reinforcing fibers in the layer (A) is from 10 mm to 50 mm

9. The fiber-reinforced resin laminate according to any one of claims 1 to 8, wherein one layer (B) is laminated between
one layer (A) and another layer (A).

10. The fiber-reinforced resin laminate according to any one of claims 1 to 9, wherein the fiber-reinforced resin laminate
is obtained by fusing the layer (A) and the layer (B) by heating the layers to a temperature higher than or equal to
the softening point or the melting point of the resin that forms the layer (A) and the resin composition that forms the
layer (B).

11. The fiber-reinforced resin laminate according to any one of claims 1 to 10, wherein the volume percentage content
of the reinforcing fibers in the layer (A) is from 20% to 60%.

12. The fiber-reinforced resin laminate according to any one of claims 1 to 11, wherein the reinforcing fibers in the layer
(A) are carbon fibers.

13. The fiber-reinforced resin laminate according to any one of claims 1 to 12, wherein the filler in the layer (B) is a
recycled material.

14. The fiber-reinforced resin laminate according to any one of claims 1 to 13, wherein the reinforcing fibers in the layer
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(A) are carbon fibers having an average single fiber fineness of from 0.5 dtex to 2.4 dtex.

15. The fiber-reinforced resin laminate according to any one of claims 1 to 14, wherein the number of filaments in the
fiber bundle used for the reinforcing fibers in the layer (A) is from 3,000 to 100,000.
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